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Material  -  Titanium  -  Ti  6A1-4V,  Commercially  Pure  (A-70) 
Seam  Weld  Strengths 


Abstract : 

Seam  welds  were  made  by  the  electric  resistance,  roller  welding  practice 
in  a  variety  of  welding  combinations  comprised  of  0.012"  thick  rigidized 
commercially  pure,  0.025"  thick  commercially  pure,  and  0.025",  0.032" 
and  0.040"  thick  Ti  6A1-4V  alloys.  Tension  testing  revealed  that  in  all 
cases,  except  that  one  in  which  0.040"  thick  Ti  6A1-4V  comprised  the  thinnest 
weld  joint  member,  failures  occurred  in  the  parent  metal;  in  the  exception 
noted  the  failure  took  place  in  the  heat  affected  zone  adjacent  to  the  weld. 
The  efficiency  of  the  weld  Joints  was  thuB  found  to  be  100  per  cent,  except 
in  the  case  of  0.040"  thick  Ti  6A1-4V  where  it  waB  found  to  be  92  per  cent. 


Reference ;  Stier,  H.  H. ,  Turner,  H.  C.,  Sutherland,  W.  M. , 
"Seam  Welds  with  Ti  6A1-4V  Titanium  Sheet," 
General  Dynamic s/Convair  Report  MP  56-115* 

San  Diego,  California,  27  December  1956. 
(Reference  attached). 
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REPORT  NO.  56-115 
SEaM  WEEDS  WITH  T1-6A1-4V 
TITANIUM  oi-iET 


OBJECT  t 

1.  To  establish  satisfactory  machine  settings  x’or  seam  welding  various 
combinations  of  sheets  of  A-70  and  Ti-6A1-4V  titanium. 

2.  To  determine  the  shear  strength  of  various  seam-welded  comoin  it ions 
of  A-70  and  T1-6A1-4V  sheet. 

PURPOSE; 

To  establish  procedures,  ootain  design  values  and  ^roviue  data  with  which 
military  approval  may  be  obtained  so  that  T1-6A1-4V  arterial  may  oe  sub¬ 
stituted  for  ji-UO-AT  material  in  Convair's  planes. 


The  T1-6A1-4V  titanium  dieet  in  the  annealed  condition  is  suitaole  to  re¬ 
place  a-110-AT  with  respect  to  its  seam-welding  characteristics;  viz., 

(i)  the  new  material  can  be  seam  welded  with  existing  Plant  II  equipment, 
(ii)  the  strength  of  the  welded  joints  is  equal  to  (or  exoeeas)  that 
found  in  A-110-AT. 


Chemical  composition  and  mechanical  properties  of  the  titanium  sheet  used 
in  this  test  are  recorded  in  Table  I. 

The  following  combinations  of  a-70  ana  Ti-oAl-4V  sheet  were  sea  i-weldeu: 


(a) 

.025 

..V 

to 

.032 

AV 

(b) 

.025 

AV 

to 

.025 

P 

(c) 

.025 

aV 

to 

.025 

AV  to 

.025  AV 

(J) 

.025 

AV 

to 

.025 

aV  to 

.012  R 

(e) 

.025 

aV 

to 

.012 

P  to 

.012  R 

(f) 

.025 

AV 

to 

.012 

R  to 

.012  F 

(g) 

.032 

AV 

to 

.040 

AV  to 

.012  R 

(h) 

.012 

R  to  , 

,025  , 

;v  to 

.012  R 

(i) 

.012 

R  to  , 

,012  R  to  .( 

D25  AV  to 

00 

.025 

AV 

to 

.025 

AV 

(1) 

.032 

aV 

to 

.032 

AV 

(m) 

.040 

AV 

to 

.040 

AV 

In  the  table  above,  the  number  represents  thickness  of  sheet, 

AV  represents  T1-6A1-4V  plain  sheet,  P  represents  A-70  plain  sheet, 
R  represents  A-70  .rigidized  sheet.) 
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TaST  Mill 

Prior  to  welding,  the  titanium  panels  were  prepared  us  follows: 

1.  Vapor  degrease  (solvent  1050-55,  KFS  64-03) 

2.  Alkaline  cleaner  (Clean  1010-10, MPS  ol.Ol,  15o'-,-lfcOuf.) 

3.  hot  water 

4.  Titaaiura  etch  (CVAC-AC1,  1010-95,  1. 5-3.0* 

CVAC-AGL,  1010-80,  25-35*,  MPS  63.03) 

5.  Cold  water 

6.  Oakite  etcl:  (clean  101C-100,  MPS  61,03) 

7.  hot  water 

£.  Vapor  degrease  (see  step  1.) 

Various  machine  settings  on  a  Precision  Seam  Welder,  150  KVA,  in  Plant  II 
were  tried  until  a  satisfactory  weld  was  produced;  viz.,  peel  tests  and 
microscopic  examination  revealed 

1.  Continuous  fused  zone  penetration  into  the  outer  sheets  of  not  les3 
than  20*  of  the  original  sheet  thickness  at  any  point  over  an  area 
whose  major  axis  is  SO*  of  the  interface  weld  diameter  (ap;  roximately 
50*  nugget  overlap). 

2.  No  interface  nugget  expulsion. 

3.  Freedom  from  surface  burns  (straw  or  olue  color  at  ed0e  of  weld  accept¬ 
able). 

Specimens  for  . testing  in  shear  were  welded  when  ,  enetration  requires nts  had 
been  met  using  a  given  machine  setting. 

Tension-shear  ooupons  were  mill-cut  from  seam-welded  panels.  The  panels  were 
welded  from  two  pieces  of  3"  x  6"  material  (with  the  grain  direction  parallel 
to  the  6-in<h  length)  plus  1"  x  6"  strips  (grain  direction  parallel  to  the 
6-inch  length).  (See  Figure  1.)  In  addition,  separate  panels  were  welaed 
from  rig id i zed  material  which  had  the  grain  direction  of  the  rigidized  sheet 
perpendicular  to  the  6-incfa  length.  In  this  manner  the  combinations  including 
rigidized  A-70  oould  be  tested  with  the  rigidizing  parallel  to  the  load  (as 
well  as  with  rigidizing  normal  to  the  load). 

In  this  report  the  side  of  the  rigidized  sheet  on  which  the  sinusoidal  con¬ 
figurations  appear  as  ridges  will  be  called  the  too  surface;  the  opposite  side 
of  the  sheet  (where  the  sindusoidal  configurations  appear  as  depressions)  will 
be  known  as  the  bottom  surface  of  the  sheet.  (See  Figure  2.) 

Combinations  including  rigidized  A-70  were  placed  between  the  welding  electrodes 
with  the  rigidized  sheet  above  the  plain  sheets  and,  further,  with  t,.e  jfeeu. sur¬ 
face  of  the  rigidized  sheet  in  contact  with  the  welding  electrode.  Exceptions 
to  this  arrangement  were  made  in  the  following  combinations: 
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TE3T  PROGEEURE.  (Cont'd.) 

(f)  .025  AV  to  .012  R  to  .012  P 

(h)  .012  R  to  .025  AV  to  .012  R 

(i)  .012  R  to  .012  R  to  .025  aV  to  .032  AV 

Hie  orientation  of  sheets  in  these  combinations  is  shown  in  cross  section! 


.012  P 

.012  R 

.025  AV. 

- - r—  iop-ouriace 

'--of  Rigid ized 

(h)-  I 


00  -  II 


(i)  -  I  &  II 


(Note*  .012  R  II  has  the  rigidizing  parallel  to  the  load  and 

.012  R  J.  has  tbs  rlgidizing  perperxiicular  to  the  load.) 
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TEST  PRQCEPJRE.  (Cont'd.) 

Shear  specimens  were  pulled  in  a  Tinius  Olsen  tensile  machine  at  a  c  osshead 
speed  of  0.2  in,  per  min.  until  failure, 

DISCUSSION  OF  PROCEDURE » 

Future  tests  of  this  nature  should  employ  4M  x  8"  instead  of  3"  x  o"  material. 
This  will  permit  gripping  shear  coupons  securely  in  the  tensile  machine  and, 
further,  enough  material  will  be  available  for  5  coupons  per  panel. 

Sheet  combinations  which  included  rigidized  A-70  were  tack-welded  at  3  points 
along  the  overlap.  Ibis  was  necessary  to  prevent  arcing.  The  tacks  were  so 
placed  and  the  seam  so  welded  that  the  seam  covered  up  the  tacks.  The  tack- 
welds  had  no  observable  affect  on  weld  strength  except  in  one  specimen  where 
the  tack  lay  outside  the  seam  weld,  in  which  case  the  weld  strength  was 
greatly  reduced. 

RESULTS  AND  DISCUSSION i 

Seam-weld  machine  settings  and  corresponding  tension-shear  values  are  given 
in  Table  II  and  III. 


Failures  in  the  parent  metal  during  testing  indicates  a  weld-joint  efficiency 
of  100$,  that  is,  the  weld  is  as  strong  as  the  parent  metal. 

The  efficiency  of  all  welds  using  rigidized  A-70  material  may  be  assumed  to 
be  100$  since  the  few  random  failures  in  the  heat-affected  zone  (HAZ)  showed 
strengths  equal  to  that  of  the  parent  metal. 

Welds  with  .025  AV,  .025.  P»  and  .032  AV  showed  100$  efficiency  with  all 
failures  occurring  in  parent  metal. 


The  welded  combination  of  ,040  AV  to  ,040  AV  showed  92$  efficiency  with  all 
failures  occurring  in  the  heat-affected  zone. 

A  comparison  between  physical  properV'es  of  parent  metal  and  breaking  strength 
of  seam-welded  metal  is  given  for  6A1-4V  and  A-70J 


Material 


Ult.  Strength  (parent) 


Ult.  Strength  (Weid) 


.012 

R 

(not  tested) 

(ave.) 

.025 

P 

100,400 

psi' 

.025 

AV 

134,900 

psi 

(ave.) 

.032 

AV 

137,100 

psi 

(ave.) 

.040 

AV 

141,700 

psi 

(ave. ) 

87,000  psi  (ave.)  .  100$  ' 
105,100  psi  (ave.)  100$ 

138,000  psi  (ave.)  100$ 

136,300  psi  (ave.)  100$ 

130,700  psi  (uve.)  92$ 


A  similar  comparison  of  values  for  A-110-AT  taken  from  report  9354  is  givens 
Gauge  Ult.  Strength  (Par tit)  Ult.  Strength  (Weld)  Efficiency 

.032  127,000  psi  (ave.)  130,000  psi  (ave.)  100$ 
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Microscopic  examination  of  all  velds  shoved  sound  nuggets  and  penetration  from 
60J{  to  90jt  into  the  outer  sheets.  The  combination  of  ,025  r  to  .025  AV 
shoved  a  coarse  mixture  of  the  respective  microstructures  at  the  interface 
vithin  the  nugget  area. 

Values  for  shear  test  no’s,  (e)  -  I  -  2,  (h)  -  I  -  2,  and  (k)  -  4  vere 
omitted  from  the  Table  III  for  the  folloving  reason: 

e-I-2,  the  tensile  machine  operator  damaged  ti<e  specimen  vhen  clamping 
specimen  into  the  grips  of  the  tensile  machine. 

h-I-2,  a  tack  veld  lay  outside  the  seam  veld  and  acted  as  a  local  stress- 
raiser. 

k-4f  the  specimen  failed  in  the  metal  held  vithin  the  jav  of  the 
testing  machine. 
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SINUSOIDAL  RIDGES 


DIAMOND  -  SHAPED 
DEPRESSIONS 


SECT /ON  A- A 


FIGURE  2  -  TOP  VIEW  OF  RIGIDIZED  SHEET 


NOTEi  In  this  report  the  side  of  the  rigidized  sheet  on  which 
the  sinusoidal  configurations  appear  as  ridges  is  called 
the  top  surface. 
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